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NEUTRON SPECTRUM AT 90° FROM 800 MU’ (p,n) REACTIONSON A Ta TARGET

..- ..

S. D. Howe, P. W. Liswski, H. S. P. Klns and g. J. Rueoell
Los ti~s Scientific Laboratory
Loa U-a, New &xico 07545 USA

Ii. J. h-,ert
Ianeze State Univara!ty

HanhattanO @naaa 6650LJ USA

The naucmn ti=-of-flight spectrum produced by ● thick tataL- targat botiardad by WO-FlaV protona haa
been ~amsred at an angle of 90°. The data vere takenat the Weapona Neutron Reeearch facility using a cylin-
drical Ta target with a radiua of 1.27 = and a length of 15 m. An NE-213 Liquid ecintillator wa~ .ead to
detect the neutrona over an energy range of 0.5-350 MeV. The neutron yield la preaan.ed and co~ared to a intra-
nuclear-caacade/evaporation rndel prediction. 1

r 1Ta(p,m), Neutron Yiald, ~O+eV Protons, 0.5-350MeV Neutrons, Intranuclear Caacede Predictions

Introduction,,

The we~vona Nwtron Reaaarct facility (UNR)l la ●

pu.laed epall~tion nautron source operatfnij it the Loe
A.lawa Scientific Laboratory (lASL). The nautron
energy ●pactrum produced by the W/R target haa not been
well characterized axperimantally. Until now, theo-
retical prcdicllons by a Honte Carlo lntranuclear-
caacade/evaporation code, NM’C,2 have bean uead to re-
present the axpected distribution. ~n this papar the
reaulta of a ma~suremant of the nautron yield from the
UNR Ta target are given for ●nargiee between 0.5 HeV
and 350 MeV. A comparison of the data to a theoretical
prediction is also made.

Experiment

8incs~~~~#~X~~lYq ‘f ‘he ‘R is Praaentad herehave given complete detaila.
Up to 1% of the SOO-IIICVproton beam fmm the Clinton P.
hdaram~ Maon Phyaica Facility (LANTF) la transported
to the water-cooled Ta target ●t tha WNR. Tha target
ia 2.54-cM diam by 15-cm long. For this waaurernnt,
the proton beam conaiated of micropulaea lean than 200
pa wida separated by 11 M end occurring ovar Imtanala
of 640 M. The beam intervaln wera repeated at 12 Hz.

Collfmeted and evacuatad flight patha perpandl-
cular to the incidant proton beam provida naucron beams
to outlying detector etatlona. Tha ●xpariment~l ● -
range=nt used in thie rnaeurernnt la ●homn in Fig. 1.
The colllmatora in the shield ●urrowiding the targat
conaiate~ of two ●eta of ~vable coppar jama. Theaa
collimators limi.”d the neutron flux to a 2.5 cm ●pt
●t the ●dge of tha ●hiald. In conduction with a third
collimator locatad outside the ●hitild, ● 0.95 a di-
●ter neutron baamwu formal -d paeavd through ● ~eeP
ma~net to remve charged particLea. This collimator
cotiination limited tha acceptance of the detector to I
● 2.5 CB square ●rea of the targat cantered approxi-
mately 3,2 cm balou the top. ,

The neutron datector uaad waa ● 5.1-= diem. by :
2.5-cM thick NE-213 liquid ●cintiLlator located 29.37
mztera from the Ta ,,.gat. Tha detacto: bias w~- set ,
using tha 60 keVgU ray from an 2“AM eource. This
●atabliehad tha neutron enargy biaa ●t approxhately i

~—’—
Uork performed under the ●uapicma of tha U.S. Depart-,

ment of Enersy. . ——-— . . ..-~

425 keV. The ●fficiency of thn datector ●t this biaa

F
●a rnaaured up to 31 MeV at t! L LASL Tandem Van de
rmff accdarator. From U ?lei’ to 1300 FleV the ef-

~iciencywae cel u ated ueing a?bnte Carlo neutron
~fficiency code. t,! Tha meaaured detector ●fficic.lcy

P
d the Honte Carlo calculation are ahoun in Fig. 2.

ha calculated ●fficiency la ●bout 15% hisher than the
peurad vaLue. This diacrapancy indicataa that the
detector ●fficiency must be uperlmantally determined
above 31 HeV. Work ia presently undeway on this pro-
blem.

Fig. 1. Experimental setup
yield from the 2.5

~._-_ –..

to meaaure tha neutron
cm diam. Ta target.
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Elec:$onics

A constant fraction timing discriminator was used
to estsblish the neutron detection threshold and to
provide stop signals for an EGG TDC-1OO clock. The
clock was operated in a single stop per start ~de at.
0.5 ns per channel and with a 4 us dead time. The
start signal for the clock was provided by a capacitive
plckoff positioned in the proton beam line. The signal
generated by this pickoff was amplified and fanned out
into two equal signals. One of the signals went to a
ORTEC TtK-200 fast trigger whose output started the
clock. The output of the clock was then stored in a
NODCOMP IV computer. The count rate for this measure-
ment waa sufficiently low that the computer dead time
was negligible.

‘=’$[~-o(proto‘1)
where C is the nwmber of counts in channel X

i i’
E is

the num er of clock busy signals, A is the pe estal
,channel number of the QD808, and K la the constant of
‘proportionality. The value of K was determined by
!bombardinga set of Af foils with Froton micropulses
land simultaneously digitizing the pickoff sign?l using
ItheQD808. By counting the gamma rays of the “Na,
122Naand 7Be spallation prod!!cts,the number of inci-
,dentprotona was determined. Two such foil activations
&ere made for this experiment explicity determining
IbothK and A.

The other pickoff signal waa used to detetmine the
number of protons incident on the tarRet aa follows.

Data Reduction

The signal was integrated and passed to en ORTEC
QD808 chsrge digitizer. The digitizer, which haa a The calculation of neutron yield firet involved

conversion time of < 6 ua, provided a pulse height converting from time-of-flight to energy. This was

distribution related to the number of protons in each
done relativisitcally. The data were binned so that

pulse. The rslatiomhip between this spectrum and the the energy resolution,AE/E, was constant and equaled

. number of protons. p, is givan in Eq. (l).
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Fig. 2. Efficiency of the HE-123 net.”rondetector for a
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0.05. The actuel time resolution of the experiment
was 42 psfm as determined from the gamma flash time
width.

‘.’he neutron yield, Y(E), in energy intenal AE
about energy E is found from:

y(!?) - R(E)
P&f) c(E) (n/p.sr.MeV) (3)

where R(E) represents the number ~f evet.ts in 3 E cor-
rected for clock deed time losses * p is the incitient
number of protons, Afl ia the solid angle subtended by
the detector, and c(E) la the efficiency of the de-
tector At energy E averaged overAE. The solid angle
was calculated by a Monte Carlo code.

Statistical errors in this measurement variad
from less than 3% around 1 MeV to 5% above 100 MeV.
Thesaurce~of systematic error include determination
of the incident number of protons, calculation of the
solid angle, transparency of the collimators to neu-
trons with energy greater than 100 MeV, and estimation
of the neutron detector efficiency above 31 MeV. i-he

,
:-gnitude of the systematic errors Is estimated to
vary from 11% for En < 30 MeV to 13% at higher ener-
gies. Mora effort is bein made to understand these

$#errorsand include their e facts.

Results

The experimental results are shown i~ Fig. 3 and
,comparedwith G calculated prediction ueing the co-
lputer code NMTC. The error bars on the experimental
data are statistical only. The uain features shown by
~this initial comparison are the low calculated neutron
‘yieldsat both high and low energiee. The two spectra
‘do agree in the energy region around 10 MeV.

The underpradiction of the talc
WV IS conaistant with other resuitsy::~;:b;;.; ‘:

740-MeV protons but disagrees with 450+leV proton data.
‘The disag~eement at energies below z 5 PleVcould be due
to: a) parematers used In the evaporation model, b)
instability in detector bias, c) the inability to
calculate proton transport below 20 MeV, and d) use
of an outdated neutron cross section library below 20
‘MeV. The computations are being repeated with more
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Fig. 30 Neutron yield for the 2.5-cm-dism by L5-cm-long Ta target at the WN’R. The solid line was
calculated using the Monte Carlo code N!4TC. Statistical
ale represented by the dot size. Typical error bara for

errora of the data
data above 100 MeV

below 100 MeV
are shown.
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